Abstract: This study assessed the relationships of job tasks and living conditions with occupational injuries among coal miners. The sample included randomly selected 516 underground workers. They completed a standardized self-administred questionnaire. The data were analyzed via logistic regression method. The rate of injuries in the past two years was 29.8%. The job tasks with significant crude relative risks were: power hammer, vibrating hand tools, pneumatic tools, bent trunk, awkward work posture, heat, standing about and walking, job tasks for trunk and upper/lower limbs, pain caused by work, and muscular tiredness. Logistic model shows a strong relationship between the number of job tasks (JT) and injuries (adjusted ORs vs. JT 0-1: 2.21, 95%CI 1.27-3.86 for JT 2-6 and 3.82, 2.14-6.82 for JT≥7), and significant ORs≥1.71 for face work, not-good-health-status, and psychotropic drug use. Musculoskeletal disorders and certain personality traits were also significant in univariate analysis. Therefore job tasks and living conditions strongly increase the injuries, and occupational physicians could help workers to find remedial measures.
The occupational injuries are common and result in severe socio-economical consequences 1) . The most affected categories of workers are those with a wide range of job tasks [1] [2] [3] , and several studies have shown the role of work environment, working conditions, job stress and job dissatisfaction in injuries [4] [5] [6] [7] . In France, coal mining employed 11,500 miners, and 10,046 of them were employed in the Lorraine collieries located in north-eastern region. The coal miners are daily exposed to a number of demanding job tasks and are among the workers with the highest incidence rate of occupational injuries 1) . Furthermore, notgood-health-status and certain diseases, especially the musculoskeletal disorders, are common among the workers 1) and they are associated with an increased risk of occupational injuries 4) . The knowledge of the role of various job tasks, health status, and other determinants such as ages, obesity, sleeps disorders, smoking, alcohol use, and personality traits 4, [8] [9] [10] [11] [12] [13] [14] would be helpful when designing preventive measures. However, we are unaware of investigations carried out to simultaneously examine the role of a wide range of job tasks and of the other correlates of occupational injuries. This study assessed the role of a number of job tasks, age, obesity, health status, musculoskeletal disorders, other diseases, personality traits, frequent psychotropic drug use, smoking habit, and alcohol use in occupational injuries in coal miners. The workers studied have been employed with the same jobs for many years, their jobs are demanding but well determined so that their main hazards could be assessed as they are well identified by the occupational physicians.
The sample included 700 male workers randomly selected among all the miners, aged 32-47 yr, who worked in underground mines from the Lorraine collieries. The limitation to the age group 32-47 yr was explained by two reasons: to have sufficient exposure duration, and the miners are retired after 48 yr. Out of 700 coal miners contacted, 516 subjects participated in the study (74%). The investigation had received a favorable view from the "Comité Consultatif pour la Protection des Personnes se prêtant à des Recherches Biomédicales" and the "Commission Nationale de l'Informatique et des Libertés", and a written consent was obtained from the participants.
The miners were invited to the occupational medicine center for medical examination. The study protocol included: (1) a letter requesting participation with a standardized autoquestionnaire given by the occupational physician during medical examination; then (2) two solicitations with questionnaires were sent to miners' home addresses through Post Office at two-month interval. The anonymous standardized auto-questionnaires were completed by the subjects themselves and were sent back to the Inserm unit via pre-paid envelops. The questionnaire included: birth date, height, weight, workplace (face work which deals with extraction of coal, or elsewhere), years worked in underground coal mine, various job tasks, smoking habit, tobacco consumption during the life, excess of alcohol use via the DETA questionnaire (including four items: (i) consumption considered as excessive by the subject himself/ herself, (ii) by people round about the subject, (iii) wish to reduce the consumption, and (iv) consumption on waking; an excess of consumption was defined by at least two positive responses out of these four items 15) ), self-reported personality, perceived health-status (Good / Average, poor or bad), various diseases diagnosed by the physician, frequent "psychotropic" drug use (for headache, tiredness, nervousness or anxiety, insomnia) 16) , and the presence of at least one occupational injury during the previous two-year period. Concerning the job tasks, subjects were asked to indicate the demanding level of the following job tasks (19 items) for their work for the period before and until the occurring of the last occupational injury (High or very high / Absent, low or moderate): use of hammer, power hammer, pneumatic tools, other vibrating hand tools, vibrating platform, bent trunk, awkward posture, noise, heat, standing about and walking, restricted space, tasks at height, work in adverse climate, handling objects, overall job tasks for trunk, upper limbs and lower limbs, pain caused by work, and muscular tiredness at the end of a working day 17, 18) . With regard to personality, subjects were asked whether they considered themselves: worried, not-sociable, not-organized, aggressive (Yes / No) 16, 19) . The occupational injury was defined as damage to body which resulted from an accident at work with a sick leave of at least one day in addition to the day when the accident occurred and for which the subject got compensation. A two-year period was chosen to have a sufficient number of occupational injuries.
The outcome variable was the occurrence of one or more occupational injuries in the past two years. The risk factors studied were: face work, years in underground mine, 19 items on job tasks, age, obese 20) , smoking habit, excess alcohol use, frequent psychotropic drug use, musculoskeletal disorders, other diseases, and self-reported personality. For the job tasks, the principal component analysis was first made to verify their unidimensionality 21) ; and those items were only considered which were significantly related to injury (p<0.05) ( Table 1) . Then the overall score of the job tasks was defined by the number of these items. Similarly for personality, a score was defined by the number of the 3 items (not-sociable, not-organized, aggressive) significantly related to injuries. The relationships between various risk factors and injury were examined via the χ 2 independence test and crude relative risks (RR), then via the logistic regression method.
The characteristics of the subjects are shown in Table 1 . The rate of the occupational injuries in the past two years was 29.8%. About half of miners had worked at face location and 28.7% had worked for more than 20 yr in underground mine. Most workers were exposed to several job tasks: 38.6% to 2-6 and 28.7% to 7 or more. Face work, muscular tiredness at the end of the working day and pain caused by work were highly related with injuries (crude relative risks RRs>2). The other job tasks (using power hammer, vibrating hand tools, pneumatic tools, bent trunk, awkward work posture, Industrial Health 2007, 45, [352] [353] [354] [355] [356] [357] [358] heat, standing about and walking, and overall job tasks for trunk and for upper and lower limbs) were also highly associated with the injuries (1.22≤RRs≤1.83) except for tasks at height and work in adverse climate. It should be noted that these job tasks were unidimensional as the Cronbach alpha was high (0.88), and the first three eigenvalues of the principal component analysis were: 5.4, 1.5, 1.0 (the first eigenvalue being much higher than the other eigenvalues) 21) . A significant relative risk was also found for not-good-healthstatus, musculoskeletal disorders, frequent psychotropic drug 21 .3% of the sample suffered from both musculoskeletal disorders and an other disease.
b Sum of the 3 items (with value 1=Yes, and 0=No) significantly related to occupational injuries (Table 2) . c The factors related with occupational injuries to p<0.05 were only considered.
use, being "not-sociable", "aggressive" or "not-organized". Table 2 shows a strong association between the number of job tasks (JT) and injuries (adjusted ORs vs. JT 0-1: 2.21 for JT 2-6 and 3.82 for JT≥7), and reveals significant OR of about 2 for face work, and about 1.70 for not-good-healthstatus and frequent psychotropic drug use.
The present study shows a strong association between the job tasks (JT) and occupational injuries, and that face work, frequent psychotropic drug use, not-good-health-status, musculoskeletal disorders, and certain personality traits were also strongly related to injuries in coal miners. It shows that simultaneous investigating the job tasks and other determinants provides a better understanding of the mechanisms of injuries. The choice of these workers were explained by several reasons. They had been working for a long period in underground mine (mean duration 18 (SD 4) yr). Therefore, they have a good knowledge on job and work conditions. The jobs were demanding but were well determined so that the assessment of job tasks was possible. The rate of injuries with sick leaves in the past two years was high: 29.8% vs. the annual incidence rate of 10% for the French construction industry and 4.3% for 17.2 million working people from the general compensation system 1) . Their age range resulted from a reduction of recruitment and retirement at an early age. We did not calculate the incidence rate of injuries by hours worked as they were the same for all miners during a working year.
The survey using a standardized questionnaire was completed with a very high participation rate (74%). Only one subject refused. This success could be explained by the motivation of the occupational physicians and the miners involved and the fact that the questionnaire was anonymous. However, the interpretation of the results needs caution due to a possible selection bias and the use of an autoquestionnaire. Note that the use of an auto-questionnaire is reliable and valid 22) . A study analyzing the non-response bias in a mailed health survey showed that the respondents and non-respondents were of similar sex and age distributions and the proportion of persons who had a health care expenditure was very slightly higher in respondents (75% vs. 69%) 23) . On the other hand, our study had another limitation that the occupational factors and living conditions just before the occupational injuries were assessed retrospectively by the subjects.
The various factors studied were validated and used in several studies 4, 8, 9, 12, [15] [16] [17] [18] [19] . They concerned the period before and around the injury occurring. Regarding self-reported personality traits and various job tasks, it was appropriate to calculate their global scores as they were unidimensional and positively linked with injuries. The JT represented a global occupational exposure index; it was divided into three groups with sufficient number of subjects in each group: JT 0-1, JT 2-6, and JT≥7; the middle group included the values around the mean value (4.3 SD (3.9)). In fact most workers performed multi-skilled jobs and they were consequently exposed to several job tasks. We did not take into consideration the dust exposure as it rather concerns the respiratory diseases. Similarly the diesel engine exhaust was also not considered as it was moderate at the workplaces.
This study shows that the use of power hammer, vibrating hand tools, pneumatic tools, bent trunk, awkward work posture, heat, standing about and walking, overall job tasks for trunk and for upper and lower limbs, pain caused by work and muscular tiredness at the end of the working day, was strongly related to injuries. Note that for the miners studied injuries were generally directly related to the job tasks investigated (non published data). The crude relative risks found for various hazards suggested that those increased the tiredness or affected the posture had higher risks. Noise, restricted space, tasks at height, and adverse climate were not found to influence injuries. Hammer use and handling objects had increased but non significant risks. An important finding was that most miners were exposed to several significant job tasks (38.6% and 28.7% to 2-6 and 7 or more respectively) and a strong dose-effect relationship was found between the JT and injuries: adjusted OR 2.18 (95%CI 1.27-3.75) for JT 2-6 group and 3.82 (2.21-6.73) for JT 7 group compared with JT 0-1 group. These findings were expected as most miners were exposed to demanding tasks for a long time every day and this exposure affected health status, caused diseases, tiredness and consequently altered the physical and mental abilities of the workers. Our study points out that face workers had higher risk of injuries compared to the other workers. This was also expected as they were exposed to more hazardous work conditions. They always work in changing work environment under freshly exposed roof where ventilation and other environmental conditions could be inadequate resulting in heat, humidity and slippery floor. Thus, the experience and job knowledge cannot eliminate the injuries when the number of demanding hazards is high. In this study no relationship was found between age and injuries. This was expected as generally the workers with an increased risk are those aged less than 30 or over 50 [8] [9] [10] while there was no subject in these age categories in our study. The miners studied did not have a lack of experience and of job knowledge as they had been with the same jobs for several years.
This study shows that not-good-health-status was a high risk factor of injuries. This was explained by the fact that it also altered the physical or mental abilities of workers. The high prevalence of not-good-health shows the impact of work conditions on health status 2, 24) . Our finding supports the hypothesis that the injuries would increase in the coming years for working population due to the lengthening of working years which would result in more people working with diseases and disabilities. It is thus necessary to improve work conditions to reduce occupational related diseases which in turn will lead to improve health status and living conditions. It may be noted that the miners had worked in teams and most demanding and challenging tasks were performed by the workers with better abilities due to their solidarity and the recommendations of the occupational physicians. It was observed that this organization was not sufficient to prevent the injuries for the miners with notgood-health-status. In the same way, frequent psychotropic drug use was found to predict injuries. This was expected as the drugs considered are related with physical and mental abilities. The workers concerned would have altered abilities of working and watching work conditions and environmental hazards. Our findings are consistent with those from other investigations which emphasized the role of sleep disorders 8, 9, 11, 13, 14) . Sleep disorders influence fatigue, ability, vigilance, difficulty in assessing or watching the work environment 25) and thus injuries. For self-reported personality, being not-sociable, aggressive and not-organized were found to influence injuries. Similar finding was reported 19) . Thus, personality could influence the ability of the workers in assessing or watching the work environment and may lead to more injuries.
Our study does not reveal an association between obesity and injuries. It may be noted that obesity was not related with age, JT, and psychotropic drug use. The result found was in agreement with that of other studies which only analyzed individual characteristics but not job tasks 8, 9) . Similarly, obesity did not influence occupational falls but those with longer sick leaves 12) . Our study does not find a higher risk of injuries among the current smokers contrarily to some studies 8, 9, 12) . This would be explained by the fact that the miners did not smoke at work so that they were not affected by the adverse short-term effects of smoking 12) . An excess alcohol use was identified for 11.4% of the subjects. This prevalence was close to that of the Lorraine working population using the same questionnaire 4) . An increased risk of injuries was not found in miners with excess alcohol use. Studies of Lorraine's working population and railway workers reported adjusted ORs of about 1.45 for the workers with excess alcohol use, although they were not significant. However, the railway workers with excess alcohol use showed a risk of 4 times higher for certain falls 12) . In conclusion, our study shows a strong dose-effect relationship between job tasks and occupational injuries, and that face work, not-good-health-status, musculoskeletal disorders, frequent psychotropic drug use, and some personality traits increased the risk of injuries. Preventive measures should reduce the job tasks, help workers to improve their living conditions, and increase the awareness of the workers about the risk associated with these factors. They should also be focused on the quality of some tools and their use, vibrating platform, work posture, heat, standing about and walking, and on the tasks generating excess pain and tiredness.
